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This study focuses on the horizontal properties in two-dimensional impact test for
polyurethane competitive track. World Athletics (WA, former I.A.A.F.) regulates
the various properties of synthetic track for athlete safety and performance, e.g.,
shock attenuation test for the vertical property and sliding test for horizontal,
respectively [1]. It seems not sufficient that the shock attenuation tests were
performed only for vertical direction, although the diagonal impacts are often
observed in various human activities. Therefore, two-dimensional impact test
device was developed for examining the two-dimensional cushioning
characteristics of sport surfaces in previous studies [2]. In these tests, the sensor
unit and the specimen are connected with double side adhesive tape for avoiding
slipping conditions. In this study, spike pins are installed at the bottom of sensor
unit for getting close to the real situation.
Two-dimensional impact tests were performed to two types of polyurethane track
specimens, those are certified by WA. Table 1 shows the force reduction (FR) and
vertical deformation values of WA tests in vertical direction.
Specimen
A
B

Table 1: WA tests values of each specimen.

Force Reduction (%)
43.09
39.04

Vertical deformation(mm)
1.7078
1.4683

Two solid lines in Fig.1a show the vertical forces of each specimen and two dashed
lines show the horizontal forces with initial impact angle, 15 degrees. In this figure,
red lines show the experimental results of specimen A and blue lines show the
experimental results of specimen B. The maximum impact forces of specimen A
were lower than those of specimen B in both directions. It is obvious results
because the FR value and vertical deformation of specimen A shows higher than
those of specimen B, i.e., specimen A is softer than B especially in vertical direction.
On the other hand, Fig.1b shows the two-dimensional deformation of each
specimen with impact force in Fig.1a. Red line shows the specimen A and blue line
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shows for B. It is obvious that the maximum horizontal deformation of specimen B
shows approximately 1.5 times the value of specimen A although the maximum
vertical deformations are almost same. Additionally, the impact period of
specimen B is longer than A. It means that the specimen B shows lower stiffness in
horizontal direction despite the vertical stiffness is higher than A.
In conclusion, the current shock attenuation tests which focus on only vertical
direction seems not sufficient for evaluating properties of synthetic track. Finally,
two-dimensional dynamic properties, especially in horizontal attenuation and
deformation, should be considered to evaluate the safety and performance of
polyurethane track.

(a)
(b)
Fig. 1: (a)Comparison of two-dimensional impact forces on specimen A (red lines) and
specimen B (blue lines), (b)Two-dimensional deformation of each specimen.
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